Abstract -The thermal decomposition in argon of the monohydrated ammonium tris(oxalate)niobate, (NH 4 ) 3 NbO(C 2 O 4 ) 3 .H 2 O, has been studied by TG/DTG, DTA, DSC, IR absorption and XRD. The material decomposes stepwise by the release of CO, CO 2 , NH 3 and water. The atomic structure of the complex initially becomes amorphous and then crystallizes twice in the form of orthorhombic and monoclinic niobium pentoxide.
INTRODUCTION
The oxalate ion is a bidentate, chelate ligand that can form complexes with niobium (Cotton and Wilkinson, 1982) . The niobium complexes are named according to the number of oxalate groups that bonds to the niobium ion. These complexes can be obtained with the dissolution of hydrated niobium oxide in an aqueous oxalic acid solution, followed by a treatment with a suitable salt. The first niobium complexes were obtained from the alkali metals and were named mono, bus and tris(oxalate) niobate (Khrishnamurty and Harris, 1961) . Mathern et al. (1969) , determined the structure of monohydrated ammonium oxotris(oxalate) niobate. Its formula is (NH 4 ) 3 NbO(C 2 O 4 ) 3 .H 2 O. Niobium is seven coordinated (to three oxalate groups and to oxygen), forming a pentagonal bipyramid.
Monohydrated ammonium oxotris(oxalate)niobate and monohydrated ammonium oxotris(oxalate)tantalate have been used for synthesizing NbC and TaC, respectively, at low temperatures (between 950°C and 1050°C) through a gas-solid reaction Ciaravino et al., 2002) . The gaseous reactant is a mixture of CH 4 and H 2 . Methane is the carbon source. Hydrogen avoids the precipitation of free carbon caused by the cracking of CH 4 (Clar, 1964) and acts as a reducer. The solid reactant is the Nb or Ta complex. The cracks and pores that appear during the thermal decomposition of the complexes increase its specific surface area and its reactivity The conventional method utilized for producing these carbides uses temperatures as high as 1800°C (Toth, 1971; Storms, 1971) .
In the present paper, the thermal decomposition of monohydrated ammonium oxotris(oxalate)niobate that is studied. Its composition is determined. The gases released and the crystalline changes that occur during the process are reported.
EXPERIMENTAL

Synthesis of the Complex
Niobium pentoxide (Nb 2 O 5 ) is mixed with sodium hydrogen sulfate (KHSO 4 ) at a 1:7 weight ratio. The mixture is heated to melting in a platinum crucible. After cooling, the material is crushed and washed in a 1:1 HCl aqueous solution during 24 hours to remove impurities. Subsequently, the material is filtered and washed with hot water. Hydrated niobium oxide is formed. This oxide is added to a solution of oxalic acid and ammonium oxalate (1:1 molar ratio) and the solution is slowly evaporated. The complex precipitates and is dried at 70°C for 24 hours. The granulated material is further powdered in a mortar.
Decomposition Study
The thermal decomposition was studied by means of a combination of techniques described as follows:
Thermogravimetry (TG/DTG) (Shimadzu TGA-50 thermobalance) in an argon atmosphere. Two temperature programs were used. In the first case, the temperature rises continuously from room temperature (RT) to 900°C at a rate of 5°C/min. In the second case, the temperature range is RT -630°C, the heating rate is 5°C/min. and there are isotherms of 20 minutes at 140°, 200°, 250° and 620°C.
Differential thermal analysis (DTA) (Netzsch STA 409C) in argon in the temperature range RT -950°C and at a heating rate of 5°C/min.
Differential scanning calorimetry (DSC) (DSC-50 Shimadzu) in argon in the temperature range RT -600°C and at a heating rate of 2°C/min. C, N and H quantitative elemental analysis of the niobium complex (Perkin Elmer CHN 2400).
X-Ray diffraction (XRD) (Siemens diffractometer, Cu Kα radiation) of Nb 2 O 5 , the niobium complex and the residue of the niobium complex decomposed at 200°, 400°, 700° and 950°C.
Infrared spectroscopy (Perkin Elmer FTIR 16PC) using KBr tablets of Nb 2 O 5 , the niobium complex and its residue after decomposition at 140°, 200°, 250°, 400°, 630°, 700° and 950°C.
Detection of NH 3 and CO 2 released during decomposition by traps installed according to Fig. 1 . 
RESULTS AND DISCUSSION
Thermal Analysis
Release of Gas Phase
The releasing of both CO 2 and NH 3 was detected by the traps in the temperature intervals corresponding to the second and third mass loss events (Table 1) , related to endothermal peaks on the DTA curve. Production of CO 2 is also detected around 600°C, corresponding to the forth event (an exothermal DTA peak). Marta et al. (1983) related the releasing of this gas to the desorption of some of the CO 2 produced at a lower temperature and adsorbed on the surface of the material. But desorption events are endothermic. Other possibilities for this CO 2 release are: (1) the oxidation of pyrolytically formed carbon by traces of oxygen in the atmosphere and (2) an event related to the decomposition of the niobium complex. Figure 6 shows the IR spectra of the niobium complex and its residues after decomposition at several temperatures. The spectrum of the initial Nb 2 O 5 is also shown. Table 2 summarizes the results and relates the absorption bands to the vibration types. It can be seen that the absorption band related to N-H is detected only in residues decomposed up to 200°C. This corresponds to the release of the oxalate ions contained in the complex through the releasing of NH 3 up to 250°C. The absorption band related to the hydration water (H-O vibration) is not detected in the residue after decomposition at 400°C. The spectra in Fig. 6 shows that the absorption bands related to the hydration water change significantly above 200°C and vanishes in the residue of decomposition at 400°. This means that the water is released mainly in the third mass loss event, in the range from 240° to300°C.
The absorption bands corresponding to the vibrations C=O, C=C, C-C, O-C=C and O-C=O are related to the oxalate ion. Some other bands are related to the bond between this ion and the niobium atom (Mathern et al., 1969) (Marta et al., 1983; 1979) . Most of these bands are not present in the residues of decomposition above 250°C. Combining the results of the IR spectra, TG/DTG and those of the detection of released gases, one concludes that the niobium complex releases the oxalate ions stepwise in the range from 170° to 300°C. CO 2 and CO are released. Although only CO 2 was detected (CO was not analyzed), the evolution of CO and CO 2 is common in the decomposition of oxalates.
Concerning the evolution of CO 2 at around 630°C, corresponding to the fourth mass loss event detected by the TG/DTG analysis, the IR spectra of the niobium complex that decomposed at 400° and 600°C show a band corresponding to a C=O bond, but a band related to the bond between the oxalate ion and Nb was not detected. This means that the C=O bond is not related to the bond between Nb and the oxalate ion. This result definitively shows that releasing of CO 2 at 630°C is not related to the decomposition of the material. Figure 7 shows the XRD graphs of the niobium complex, its residues after decomposition at several temperatures and the niobium oxide used as raw material. Negligible differences are seen in the patterns of the niobium complex and its residue after decomposition at 200°C, but the complex that decomposed at 400°C is amorphous, as indicated by the diffraction pattern. The release of CO 2 and NH 3 that occurred in the second mass loss step (180°-220°C) does not disturb the crystal structure of the niobium complex, but the massive release of NH 3 , CO 2 and the hydration water does transform the material into amorphous solids.
Crystal Structure
The exothermic peak at 600°C in the DTA analysis could be related to crystallization of the material and not to the release of CO 2 as mentioned previous. The residue of the niobium complex decomposed at 700°C is crystalline, corresponding to an orthorhombic structure of Nb 2 O 5 . This crystallization process could occur or start at 600°C. The orthorhombic structure is transformed into amonoclinic structure between 700° and 950°C because the residue of the decomposition at 950°C has another crystal structure (JCPDS card No. 37-1468) . This is the same structure as that of the Nb 2 O 5 used as raw material, but it is not as well crystallized.
Elemental Analysis
Nitrogen, hydrogen and carbon in the niobium complex were quantitatively analyzed. Niobium was indirectly analyzed. The residual mass of the niobium complex after calcination in air at a high temperature was measured and the Nb content was calculated, considering that the calcination product is Nb 2 O 5 . The water content is determined by the mass balance. The results are shown in Table 3 , together with a simulation in which the niobium complex formula is assumed to be (NH 4 ) 3 NbO(C 2 O 4 ) 3 .H 2 O. The results of the measurements and the simulation are in good agreement. + and the hydration water in the form of CO 2 and CO, NH 3 and water vapor. Transformations also occur in the atomic structure of the material.
From 98° to 145°C, the humidity evaporates. In the range from 180° to 220°C, there is releasing of NH 3 and CO 2 , corresponding to the partial release of the NH 4 + and oxalate ions. The crystal structure of the niobium complex is not altered up to this temperature. Between 240° and 300°C, there is an intense loss of mass, corresponding to the evolution of NH 3 , CO 2 , CO and the hydration water. The crystal structure collapses and becomes amorphous. All NH 4 + ions and the hydration water are released. At around 600°, there is an evolution of the residual carbon in the form of CO 2 . In the same temperature range, the material crystallizes as orthorhombic Nb 2 O 5 . At higher temperatures, but below 950°C, the structure is transformed into the monoclinic Nb 2 O 5 .
